Background More elderly patients are becoming candidates for total shoulder arthroplasty with an increase in frequency of the procedure paralleling the rise in other total joint arthroplasties. Controversy still exists, however, regarding the perioperative morbidity of total joint arthroplasty in elderly patients, particularly those 80 years of age and older. Questions/purposes We asked whether perioperative complications and mortality, transfusion requirements, inpatient length of stay, and discharge disposition after total shoulder arthroplasty were similar in patients 80 years and older compared with those in younger patients.
Methods
We retrospectively compared the 90-day complications, mortality, and other perioperative variables after total shoulder arthroplasty in 40 patients (43 shoulders) aged 80 years and older (Group A; mean age, 82 years) with 46 patients (47 shoulders) younger than 70 years (Group B; mean age, 61 years). Results We found no differences in complication rates between Group A and B, including systemic (26% versus 11%) and local (5% versus 9%) complications or major (7% versus 2%) and minor (23% versus 17%) complications. There were no deaths in either group. Group A had an increased transfusion requirement (16% versus 2%) and a decreased number of direct to home discharges (67% versus 98%). Presence of systemic complications predicted increased length of stay in patients overall and in Group A patients. Conclusions Total shoulder arthroplasty can be performed in patients 80 years and older with rates of perioperative complications and mortalities comparable to those of younger patients, although these older patients may require a longer period of institutional care before return to home and may be more likely to require a blood transfusion. Level of Evidence Level III, therapeutic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
More patients are becoming candidates for total shoulder arthroplasty with an increase in frequency of the procedure paralleling the rise in other total joint arthroplasties [5] . Total shoulder arthroplasty is indicated in the treatment of primary and secondary arthritic conditions of the shoulder with survivorship rates comparable to other joint arthroplasties at short-, mid-, and long-term followup and substantial improvements in objective measures such as ROM, strength, and shoulder outcome scores [5, 7, 8, 32, 33, 36, 38, 40] . Rates of complete to near-complete pain relief have ranged from 68% to 91% among patients [7, 32] with greater than 90% reported patient satisfaction using standardized measures such as the Constant-Murley [32] , American Shoulder and Elbow Surgeons [32] , UCLA scores [32] , and the Simple Shoulder Test [32] .
With the rising life expectancy of patients and growing number of elderly patients as well as the increased prevalence of osteoarthritis with age, older and potentially sicker patients are becoming candidates for total shoulder arthroplasty. Both primary and revision THAs and TKAs have become more common in older and sicker patients with patients 80 years of age and older demonstrating high rates of improved function, pain relief, and patient satisfaction by standardized measures as well as prosthesis survival [1-4, 9, 19, 20, 25-27, 29, 34] . A recent study of 6989 THAs in patients 80 years of age and older from the Finnish National Registry reported an overall revision rate of 2.8% and prosthesis survivorship of 94% at 10 years [25] .
Despite these promising reports, however, increasing age has been associated with an increased risk of major perioperative complications and mortality in both THA and TKA [21, 28, 30, 31] . A report of 26,320 THAs and TKAs compared perioperative complications of patients 80 years of age and older with patients aged 65 to 79 years and found older patients were 3.4 times more likely to die, 2.7 times more likely to sustain a myocardial infarction, and 3.5 times more likely to develop pneumonia [21] . Postoperative confusion, urinary tract infection, and increased length of stay (LOS) were also more common in the older patient group [21] . Increased age may also be associated with an increase in preoperative medical comorbidities, which has been independently linked to an increase in perioperative complications, mortality, and LOS in total joint arthroplasty, including total shoulder arthroplasty [15, 17] . Therefore, controversy still exists regarding the safety of total joint arthroplasty in elderly patients, particularly those 80 years of age and older. This issue may be most concerning in elderly patients undergoing total shoulder arthroplasty, because nearly all of the research to date has focused on THA and TKA. One study of seven patients older than 90 years of age reported no perioperative complications or mortalities [6] . Other studies in general populations show perioperative complications rates ranging from 1.2% to 7.55% [10, 11, 16] and perioperative mortality rates ranging from 0% to 0.58% [10, 11, 16, 23, 39] after total shoulder arthroplasty.
We therefore determined whether (1) rates of complications (both systemic medical and local orthopaedic) and mortality were increased in patients older than 80 years in comparison with a younger group of patients; (2) there were differences in secondary outcome variables (transfusion requirement, inpatient LOS, discharge disposition) between patient groups based on age; and (3) preoperative and intraoperative variables (American Society of Anesthesiologists Physical Status grade, preoperative hemoglobin, cigarette smoking status, body mass index, use of interscalene block anesthesia, method of humeral prosthesis fixation, operating room time, and blood loss) contributed to any observed differences between the two groups in the primary and secondary outcomes.
Patients and Methods
We retrospectively reviewed 1106 shoulder arthroplasties performed at one institution from January 2000 to June 2008 to identify our primary study population of patients 80 years of age and older. We excluded all shoulders treated without placement of a glenoid component (ie, hemiarthroplasty, hemiarthroplasty with glenoid reaming or glenoid resurfacing), leaving 733 total shoulder arthroplasties. Sixty-two arthroplasties were performed in patients 80 years of age or older at the time of surgery. Of these we excluded patients of revision arthroplasty (n = 4) and primary reverse total shoulder arthroplasty (n = 15), leaving a total of 43 primary total shoulder arthroplasties performed in 40 patients (n = 3 bilateral arthroplasties) 80 years of age and older (Group A). There were 12 men and 28 women in this group with a mean age of 82 years (range, 80-90 years) at the time of surgery. As a younger comparison group, patients younger than 70 years and not younger than 50 years at the time of surgery were selected from a representative year within the middle of the study period (2005) . Of the 129 total shoulder arthroplasties performed during this period, 63 met the age criteria. Cases of revision arthroplasty (n = 13) and primary reverse total shoulder arthroplasty (n = 3) were excluded, leaving a total of 47 primary total shoulder arthroplasties performed in 46 patients (n = 1 bilateral arthroplasty) as our younger, comparison study population (Group B). There were 27 men and 19 women in this group with a mean age of 61 years (range, 50-69 years) at the time of surgery. From the inpatient and outpatient charts of both groups, we determined the patients' preoperative medical status, inpatient hospital course, and outpatient postoperative followup for the first 90 days after surgery. Three patients in Group A and four patients in Group B had incomplete outpatient postoperative followup in the 90-day period for assessing morbidity and mortality as a result of one or more missing surgeon notes. In Group A, one patient had incomplete 6-and 12-week followup, and two patients had incomplete 12-week followup. In Group B, one patient had incomplete 6-and 12-week followup, and three patients had incomplete 12-week followup. These patients were still included in the analysis because their inpatient records were complete. Minimum followup was 2 weeks (mean, 11.5 weeks; range, 2-12 weeks) for Group A and 2 weeks (mean, 11.4 weeks; range, 2-12 weeks) for Group B. No patients were recalled specifically for this study; all data were obtained from medical records.
All patients received preoperative medical evaluation and clearance before surgery. Certain variables were collected as measures of preoperative medical status, including the American Society of Anesthesiologists Physical Status (ASA PS) grade (1-6) [35] , preoperative hemoglobin, cigarette smoking status, and body mass index (BMI), including those patients meeting obesity criteria (BMI C 30 kg/m 2 ). The ASA PS classification system is used to assess the fitness of a patient for surgery before beginning anesthesia and consists of six categories (PS 1: normal, healthy patient; PS 2: patient with mild, systemic disease; PS 3: patient with severe, systemic disease; PS 4: patient with severe, systemic disease that is a constant threat to life; PS 5: moribund patient who is not expected to survive without the operation; PS 6: brain-dead patient whose organs are being removed for donor purposes) [35] .
In Group A (patients age 80 years and older), all 43 of the total shoulder arthroplasties were primary procedures. The etiology of glenohumeral arthritis was osteoarthritis in 37 cases, inflammatory or rheumatoid arthritis in three, posttraumatic in two, and postsurgical in one. The humeral component was uncemented in 32 cases and cemented in 11 cases. Eight of the primary cases had an additional procedure performed (rotator cuff repair in three, distal clavicle excision in three, rotator cuff repair with distal clavicle excision in one, and anterior acromioplasty with distal clavicle excision in one).
In Group B (patients younger than 70 years), all 47 of the total shoulder arthroplasties were primary procedures. The etiology of glenohumeral arthritis was osteoarthritis in 37 cases, inflammatory or rheumatoid arthritis in two, posttraumatic in two, postsurgical in five, and avascular necrosis in one. The humeral component was uncemented in 42 cases and cemented in five cases. Eleven of the cases had an additional procedure performed (rotator cuff repair in two, distal clavicle excision in four, removal of hardware in two, proximal humeral osteotomy in one, posterior glenoid bone grafting in one, and lipoma excision in one).
Preoperative and intraoperative variables were compared between groups using univariate analysis with independent continuous variables evaluated using T statistics and categorical variables evaluated using chi-square test or Fisher test, where appropriate ( Table 1) . Group A had a decreased preoperative hemoglobin (p = 0.01), number of smokers (p = 0.01), mean BMI (p = 0.0004), and number of obese patients (p = 0.006), compared with Group B. Group A and Group B had similar ASA grade distribution (p = 0.10), use of interscalene nerve block (ISB) (p = 0.10), uncemented humeral prostheses (p = 0.07), operating room time (p = 0.85), and estimated blood loss (p = 0.06) ( Table 1) .
Total shoulder arthroplasty was carried out in the beach chair position under general anesthesia with or without regional anesthesia (ISB in 38 of 43 patients in Group A and 46 of 47 patients in Group B). One ISB in the older cohort was aborted because the patient could not tolerate the procedure. An intraoperative Foley catheter was not routinely used. All operations were performed by one of four fellowship-trained shoulder surgeons (JAA, DLG, MLR, GRW). A standard deltopectoral approach was used in all cases (n = 90). The glenohumeral joint was accessed by takedown of the subscapularis tendon by tenotomy (1-2 cm medial to the lesser tuberosity), direct takedown off of the lesser tuberosity, or lesser tuberosity osteotomy, depending on the surgeons' preference. A cemented, polyethylene glenoid component (anchor peg or keeled) was implanted in all cases, whereas either an uncemented or cemented stem was used on the humeral side. Additional surgical procedures, operating room time, and estimated blood loss were collected as intraoperative data as well.
Postoperatively, patients were started on a regimen for deep venous thrombosis (DVT) prophylaxis consisting of sequential compression devices alone or in combination with aspirin (325 mg orally, twice a day), enoxaparin (30 mg subcutaneously, twice a day), or warfarin (goal international normalized ratio of 2.0-3.0). After the preoperative dose, intravenous antibiotics (cefazolin or vancomycin) were administered for 24 hours after the surgery. All patients were mobilized early in the postoperative period either the day of surgery or the next morning. This included instruction from physical therapy on ROM exercises for the operative extremity consisting of passive external rotation and passive supine forward flexion of the shoulder and unrestricted elbow, wrist, and hand ROM. All patients were followed by a medical internist or cardiologist while in-house. At the time of discharge, patients were sent home (n = 75) or to a rehabilitation facility (n = 1) or skilled nursing facility (n = 14), depending on their health status and living situation.
Routine outpatient followup was at approximately 2 weeks, 6 weeks, and 12 weeks postoperatively. Passive shoulder ROM exercises as instructed in the hospital were continued for the first 6 weeks postoperatively, after which active shoulder ROM exercises were begun. Strengthening exercises for the shoulder were not started until 12 weeks postoperatively.
For the main objectives of the study, (1) complications and mortalities were collected on all patients in the perioperative period as well as data on (2) transfusion requirement, inpatient LOS (days), and discharge disposition. Complications were documented for all patients and classified as either systemic (medical) or local (orthopaedic) [31] . Systemic complications were grouped based on organ system (cardiovascular, pulmonary, neurologic, genitourinary). Potential local complications included intraoperative or postoperative periprosthetic fractures and postoperative prosthetic loosening on either the glenoid or humeral side, glenohumeral instability, rotator cuff tears, infection, nerve injury, deltoid dysfunction, persistent pain, or stiffness. Complications were further subcategorized into major and minor, depending on their severity [31] . Complications were deemed major if they required surgical intervention or if they were considered life-threatening or could result in permanent functional impairment. Minor complications were those that necessitated additional observation or medical treatment but did not require surgery or were not a threat to life or permanent functional impairment [31] . The decision to transfuse was based on surgeon preference and presence of symptomatic anemia (tachycardia, hypotension, lightheadedness, etc). All patients who underwent transfusion had hemoglobin levels of less than 9.0 g/dL at the time of transfusion. As noted, patients were sent home (n = 75) or to a rehabilitation facility (n = 1) or skilled nursing facility (n = 14) at discharge, depending on their health status and living situation.
To address the two main objectives of the study, perioperative complications, mortalities, transfusion requirement, LOS, and discharge deposition were compared between the two patient groups (Groups A and B). Unadjusted, descriptive analysis using univariate statistics was initially performed with independent continuous variables compared using T statistics and categorical variables compared using chi-square test or Fisher test, where appropriate (Fisher test used for events of less than five). Means and SDs were reported for continuous variables and frequency distributions were reported for categorical variables. After univariate analysis, significant factors between groups were included in multivariate analyses to control for potential confounding variables. Preoperative and intraoperative variables found to be significant in univariate analysis (Table 1) were also included in the multivariate analyses to account for other potential perioperative factors that may contribute to observed differences between the two patient groups. Multivariate logistic regression analysis was performed to determine variables that were significant predictors of the categorical outcome age group (Group A, Group B) after adjusting for potential confounders. Results of the regression analysis were reported as 95% confidence intervals, odds ratios, and p values. Multivariate analysis was then performed to determine variables that were significant predictors of the continuous outcome, LOS (multivariate multiple regression analysis), and the categorical outcome, complications (multivariate logistic regression analysis) after adjusting for potential confounders to further evaluate potential contributing factors to the observed findings in the two patient groups. All statistical analyses were performed using SAS 1 Version 9.1 (SAS Institute Inc, Cary, NC).
Results
There were no differences between the two patient groups in rate of systemic (p = 0.13) and local (p = 0.99) complications or major (p = 0.35) and minor (p = 0.18) complications ( Table 2 ). The only major systemic complication was cardiovascular in origin with an 84-year-old woman in Group A having a myocardial infarction on the first postoperative day after a primary right total shoulder arthroplasty that ultimately required cardiac stenting. This patient also had an acute right lower extremity DVT that was treated with warfarin. Most of the minor complications were neurologic in origin with five of the six neurologic complications (four in Group A, one in Group B) attributed to acute delirium. All cases of acute delirium resolved by the time of discharge and were presumed to be the result of narcotic use. All three major local complications were intraoperative fractures that necessitated additional surgical procedures (two in Group A, one in Group B) (see Appendix for additional detail).
There were no deaths in either group. Group A had an increased transfusion requirement (p = 0.02) and inpatient LOS (p = 0.0008) and a decreased number of direct to home discharges (p \ 0.0001) compared with Group B (Table 3 ). Transfused patients in Group A (n = 7) had a mean preoperative hemoglobin of 11.9 and required 2.14 units of blood on average, similar to a preoperative hemoglobin of 11.5 and 2 units of blood in the one transfused patient in Group B.
Younger patients (Group B) were independently associated with decreased odds of need for transfusion and discharge other than home (Table 4 ). Operating room time (p = 0.02) and presence of systemic (p \ 0.0001) or major (p = 0.05) complications predicted increased LOS in patients overall, presence of systemic (p = 0.002) or minor (p = 0.004) complications predicted increased LOS in Group A, and smoking (p = 0.005) predicted increased LOS in Group B. Increased LOS predicted having a complication overall (Table 4 ). No other perioperative variables were associated with patient age, LOS, or having a complication.
Discussion
More patients 80 years of age and older are becoming candidates for total shoulder arthroplasty; however, few data are currently available on the safety of the procedure in these patients, and controversy still exists on its use in the elderly. We therefore (1) compared the perioperative morbidity and mortality in the first 90 days after total shoulder arthroplasty in patients 80 years of age and older and those younger than 70; (2) determined whether there Values are given as odds ratios with 95% confidence intervals in parentheses; all values that had a p B 0.05 were included; BMI = body mass index, LOS = length of stay.
were differences in secondary outcome variables (transfusion requirement, inpatient LOS, discharge disposition) between patient groups based on age; and (3) determined whether a number of preoperative and intraoperative variables contributed to observed differences between the two patient groups. There were several limitations to our study. First, our study relied on patient records in collecting the variables of interest. Although the inpatient records were essentially complete for each of the patients, postoperative outpatient followup was typically limited to three visits per patient within the first 90 days after surgery. Although major complications are unlikely to be missed or forgotten between visits, it is possible minor complications may fail to be noted at visits separated by up to 6 weeks. Second, the size of our study was also limited as a result of the low frequency of patients 80 years and older undergoing total shoulder arthroplasty. We performed only 43 primary total shoulder arthroplasties over nearly a 9-year period. As a result of the small numbers, our study may not have had the statistical power to detect certain differences between the two groups. For example, acute delirium was more common in the elderly patient group postoperatively, but no difference was seen in comparison to younger patients because of the small number of cases. Cautious use of narcotics and other medications that can alter mental status may still be recommended in patients 80 years and older based on this finding. Third, all operations in our study were performed by fellowship-trained shoulder surgeons experienced in total shoulder arthroplasty; therefore, the generalizability of some or all of the findings should be considered with caution. Previous studies show mortality rates, complication rates, inpatient LOS, and discharge disposition depend on surgeon experience and volume with lower mortality and complication rates, shorter LOS, and more likely discharge directly to home after total shoulder arthroplasty by high-volume surgeons and in high-volume hospitals [13, 14, 16, 18, 22] .
Patients 80 years of age and older in our study did not have an increased rate of perioperative complications (systemic or local, major or minor) in comparison to a younger patient group. No mortalities occurred in the perioperative period in either patient group. In contrast, patients 80 years of age and older had an increased transfusion requirement and a decreased number of direct to home discharges after controlling for potential confounding variables in the multivariate analysis. Several larger, epidemiologic studies have provided mean complication and mortality rates in the early perioperative period for patients of all ages undergoing total shoulder arthroplasty as well as data on mean LOS and discharge status [10, 11, 16, 23] (Table 5 ). Although the perioperative period length and definition of complications varied from study to study, our rate of major complications, including those in patients 80 years and older, was comparable to the rates quoted in these larger studies. Mortality rate, mean LOS, and rate of direct discharge to home were also comparable, even when looking only at the 80 years and older patient group. One previous study has examined mortality rates after total shoulder arthroplasty using the same 90-day perioperative period we used, reporting a 0.58% rate in 2953 patients (mean age, 63.6 years) [39] . Several other studies have examined transfusion rates for patients of all ages undergoing total shoulder arthroplasty [12, 24, 37] . Sperling et al. [37] reported an overall transfusion rate of 8.1% in 407 consecutive primary shoulder arthroplasties (mean age, 65.7 years). Millet et al. [24] reported a 25% rate in 124 shoulder arthroplasties (mean age, 63.8 years) that included revision surgeries, whereas Gruson et al. [12] reported a 43% rate in 196 shoulder arthroplasties (mean age, 67.2 years) that include revision surgeries and reverse prostheses. These rates are comparable to our transfusion rate both overall (8.9%) and in the 80 years and older patient group (16%). Transfusions were more common in older patients in all three studies, but only one study [12] reported increasing age as an independent risk factor. Preoperative hemoglobin was the only risk factor consistently seen across all three studies [12, 24, 37] . In our study, patients 80 years and older had a lower preoperative hemoglobin than the younger patient group and ultimately required more blood transfusions, but preoperative hemoglobin did not remain a predictor on multivariate analysis.
Churchill et al. [6] evaluated seven shoulder arthroplasties (five total, two hemi) in six patients 90 years of age and older (mean age, 93 years) with a mean followup of 2.2 years. No complications were specifically reported in this small group of patients, and one mortality occurred 13 months after surgery from pneumonia. No transfusions were required in any patients, and the mean LOS was 2.6 days (range, 2-3 days) with five of six patients discharged directly to home [6] . No younger patient group was used for comparison.
We found a relationship between increased LOS and presence of complications with presence of systemic complications predictive of increased LOS in patients overall and in patients 80 years and older. Although patients 80 years and older had a decreased rate of direct to home discharge, discharge disposition did not independently predict LOS. Older patients being discharged to a nursing facility may often stay in the hospital an additional day to qualify for benefits coverage under Medicare guidelines regardless of medical status. It does not appear that this issue of benefits coverage affected the association of LOS and discharge disposition in our study, but the chart records did not routinely mention this information for us to specifically address this question.
In conclusion, total shoulder arthroplasty can be performed in patients 80 years of age and older with rates of perioperative complications and mortalities comparable to those of younger patients, although these older patients may require a longer period of institutional care before return to home and may be more likely to require a blood transfusion. Age alone should not be a deterrent when considering candidates for total shoulder arthroplasty.
Appendix 1 (Additional description of patient complications)
All three major local complications were intraoperative fractures that necessitated additional surgical procedures (two in Group A, one in Group B). In Group A, an 80-yearold man undergoing a primary right total shoulder arthroplasty had a greater tuberosity fracture that required suture fixation, whereas another 80-year-old man undergoing a primary right total shoulder arthroplasty had a nondisplaced proximal humeral metaphyseal fracture that required the humeral stem to be converted from uncemented to cemented fixation. In Group B, a 64-year-old woman undergoing a primary right total shoulder arthroplasty had a long, oblique humeral shaft fracture that required cerclage cable fixation and conversion to a longstem humeral component. The remaining fracture in Group B was in a 59-year-old man who fell 6 weeks after surgery and sustained a nondisplaced humeral shaft fracture distal to the tip of the humeral stem that healed with nonoperative management.
The remaining two local complications in Group B occurred in the same patient, a 52-year-old woman undergoing right total shoulder arthroplasty with removal of a screw from a prior Bristow procedure. She underwent intraoperative nerve monitoring for her procedure because of a history of shoulder surgery and a substantial loss of motion preoperatively. Axillary nerve potentials decreased intraoperatively and did not return to baseline at the conclusion of the case. An electromyogram postoperatively confirmed a persistent axillary nerve injury, but the patient never demonstrated any clinical deficit and no additional treatment was required. She also developed a small, superficial wound infection after surgery that resolved with 1 week of oral antibiotics.
